Background: The current national influenza vaccination schedule in Mexico does not recommend vaccination in the school-aged population (5-11 years). Currently, there are limited data from middle-income countries analysing the cost-effectiveness of influenza vaccination in this population. We explored the clinical effects and economic benefits of expanding the current national influenza vaccination schedule in Mexico to include the school-aged population.
Background
Since isolation of the first influenza virus in the mid 1930's [1] , control of the virus has been a longpursued global public health goal. From the early inactivated vaccines to the current recombinant quadrivalent vaccines, there is no doubt that science and technology have stepped up to this challenge [2] [3] [4] . However, the constant genetic shifts and drifts of the virus remain the most relevant factors hindering efforts at disease control; the current annual incidence of influenza-like illness (ILI) in Latin America ranges between 4.7 and 15.4% [5] .
Vaccination is one of the most cost-effective strategies for disease prevention and control [6] . For influenza, the implementation of immunisation campaigns throughout the world have resulted in decreases of both mortality and morbidity [7, 8] . Although usually focused on younger populations for epidemiological and practical reasons, vaccination in most age groups, including adults, is considered highly cost-effective [9, 10] .
Throughout the Americas, immunisation recommendations for children vary. According to the World Health Organization (WHO) Vaccine-Preventable Diseases Monitoring System, only Grenada, Panama, and the United States recommend universal influenza vaccination in children and adolescents [11] ; Canada recommends immunisation for all children aged 6 to 59 months, and for at-risk children and adolescents [12] .
In Mexico, the current national vaccination schedule recommends yearly immunisation in several target groups: children aged 6 to 59 months, adults aged > 60 years, pregnant women, at-risk individuals aged 5 to 59 years, and health professionals. These target groups are eligible to receive the vaccine free of charge at any public health facility during the influenza immunisation season (October to February). Vaccination of adults aged 50 to 59 years and school-aged children (5 to 11 years) who are not at risk are not considered as target groups for influenza immunisation [13] .
Studies have shown that the cost-effectiveness of influenza vaccination varies depending on the age-groups targeted [14] . De Waure et al. assessed the economic benefits of influenza vaccination and found that most studies they reviewed analysed either the costeffectiveness or the cost-benefit of vaccination, and some found this strategy to be cost-saving [15] . Peasah et al. reported that 12 out of 18 studies focusing on the economic benefits of influenza vaccination of children found it to be cost-saving [16] . A recent systematic literature review included 10 studies focused on vaccination of school-aged children; they found vaccination of all children versus only high-risk children to be dominant to $47,000 per quality adjusted life year (QALY, societal) and to $18,000 per QALY (health care system) [17] . Unfortunately, most of these studies were focused on high-income countries, particularly the United States and selected European countries. Thus, further research is necessary to evaluate the impact of influenza vaccination in other regional contexts.
In this study we analysed epidemiologic and disease burden data to assess the clinical effects and economic benefits of expanding the current national influenza vaccination schedule of Mexico to include school-aged population (5 to 11 years). Using a static 1-year model that incorporates herd effect, we assessed the costeffectiveness of such a change in policy, with the reduction in the number of influenza cases as the primary health outcome from the societal perspective.
Methods
A cross-sectional epidemiological study was performed using the following databases: 1) a de-identified database from Mexico's Influenza Surveillance System (SISVE-FLU) obtained upon written request from Mexico's General Directorate of Epidemiology, which included all influenza records from November 2009 to October 2018; 2) the mortality database of the National Mortality Epidemiological and Statistical System (SEED) for the period of 2010-2015 (data from 2009 and 2016-2018 were not available) [18] , and 3) discharge and hospitalisation data obtained from the Automated Hospital Discharge System (SAEH) for the period 2010-2016 (data from 2009 and 2017-2018 were not available) (Additional file 1: Supplement 1; Table S1.1) [19] . Written approval was obtained from Mexico's Ministry of Health to use these administrative data for academic purposes; written informed consent from patients was not required for this study. For both SEED and SAEH, codes from the International Statistical Classification of Diseases and Related Health Problems, 10th revision, (ICD-10) were used for the selection of cases; the codes used are listed in Additional file 1: Supplement 1; Text S1.1. Of note, Mexico began using ICD-10 codes in 1998 when their use was adopted into epidemiologic surveillance information systems. Data for projections of the Mexican population for the study period were obtained from the National Population Council database [20] .
SISVEFLU uses a network of monitoring health care units across the country and has been automated since 2009. It is designed to provide timely and quality information on trends of circulating viral strains and the occurrence of severe cases [21] . Cases are initially classified as either ILI or severe acute respiratory infection (SARI). Diagnosis is confirmed by polymerase chain reaction (PCR) at FluNet collaborating facilities of the National Network of Public Health Laboratories (Red Nacional de Laboratorios de Salud Pública) [22] .
For the purpose of this study, we used the case definitions for ILI and SARI used in the current Mexican influenza surveillance guidelines [22] . The school-aged population was defined as children between the ages of 5 years and 11 years, 11 months and 30 days.
For estimating the costs of influenza cases, the following seven scenarios were built, both for ambulatory patients (scenarios 1 through 3) and for inpatients (scenarios 4 through 7), based on data analysed from SISVEFLU: Scenario 1: Symptomatic individual visited an outpatient clinic, had a positive PCR result for influenza, was managed only in ambulatory care and had a complete recovery. Scenario 2: Symptomatic individual visited an outpatient clinic, had a positive PCR result for influenza for which, due to the severity, they were referred for hospital care where they had a complete recovery and were discharged. Scenario 3: Symptomatic individual visited an outpatient clinic, had a positive PCR result for influenza and, due to severity, was referred for hospital care and died. Scenario 4: Symptomatic individual visited a hospital ER, had a positive PCR result for influenza, was discharged to an outpatient clinic for follow-up and had a complete recovery. Scenario 5: Symptomatic individual visited a hospital ER, had a positive PCR result for influenza, was admitted to hospital for follow-up with nonsevere clinical status and had a complete recovery. Scenario 6: Symptomatic individual visited a hospital ER, had a positive PCR result for influenza, was admitted for follow-up with severe clinical status and had a complete recovery. Scenario 7: Symptomatic individual visited a hospital ER, had a positive PCR result for influenza, was admitted for hospital follow-up and died.
A scenario 0 was considered, in which symptomatic individuals did not request medical care and selfmedicated with over-the-counter drugs. We assumed that the outcome in this scenario was complete recovery. Figure 1 shows the decision tree for case classification with all scenarios.
Assumptions for clinical management of cases for each scenario are summarised in Table 1 and were defined according to the national clinical guidelines for the prevention, diagnosis, and treatment of seasonal influenza in Mexico, as follows [23] :
Laboratory diagnosis
Influenza was confirmed using real-time PCR. According to the epidemiological surveillance guidelines [22] , in primary health care units, sample collection for confirmation is only required for 10% of cases, whereas in secondary and tertiary health care units, 100% of cases are submitted for confirmation. In cases with suspicion of bacterial coinfection, throat swab culture is indicated.
Medical consultations
Cases detected and managed in outpatient clinics (scenario 1) require a single medical consultation with no follow-up. Cases admitted to hospital via an outpatient clinic (scenario 2) require two medical consultations; the first for clinical diagnosis and the second at discharge with medical disability leave. For scenario 3 with admission to hospital via an outpatient clinic that results in death, the requirement is one initial consultation at the outpatient care facility and three subsequent consultations at the hospital. For hospital-managed cases admitted through the ER (scenarios 4 through 7), an emergency consultation was required. Cases admitted for hospitalisation had one, two, three, or four medical consultations in scenarios 4, 5, 6, and 7 respectively, assuming a proportional increase in the number of medical consultations, consistent with the severity of the case.
Drugs
For individuals not requesting medical care (scenario 0) and only requiring over-the-counter drugs, amantadine use was assumed. For all confirmed cases, patients were assumed to have been prescribed oseltamivir for influenza treatment and paracetamol for acute pain management. For cases with a bacterial coinfection requiring antibiotic treatment, use of ceftriaxone was assumed.
Days of hospitalisation
Patients admitted via an outpatient clinic who were referred for hospitalisation and later discharged were assumed to have had a 1-day hospital stay. Patients admitted via an outpatient clinic who were referred for hospitalisation that resulted in death were considered to have had a 6.1-day hospital stay based on results obtained from the SAEH database [19] : this assumption takes into consideration that hospital care is provided independently of the admitting area or laboratory confirmation of the case. Patients admitted to hospital for observation via the ER who were discharged for follow-up at an outpatient clinic were considered to have had a 2-day hospital stay. Patients admitted via the ER for medical care who were classified as non-severe were considered to have had a 6.1-day hospital stay. Patients admitted to hospital via the ER who were classified as severe were considered to have had 50% longer hospital stays (9.15 days) than patients with non-severe cases. A 6.1-day stay was assumed for patients admitted via the ER whose outcome was death.
Days of medical disability leave
For patients diagnosed in outpatient clinics who did not require admission to hospital (scenario 1), a 3-day medical leave was assumed. For patients diagnosed in outpatient clinics who were referred to hospital (scenario 2) and those admitted via the ER and hospitalised as nonsevere cases (scenario 5), a 7-day medical leave was assumed after hospital discharge, for a total of 13 days of absence. For patients admitted via the ER and hospitalised as severe cases (scenario 6), a 14-day medical leave was assumed after hospital discharge, for a total of 23 days of absence [24] . It was assumed that school-aged population with influenza was monitored by an adult caregiver (parent or close relative) for the duration of their sickness, which was assumed to have had an effect on the productivity of the adult caregiver.
Years of life lost (YLL)
For the YLL calculation, the age of each influenzaconfirmed death that was registered in SISVEFLU was individually considered. The lower and upper limits were as follows: lower limit, age of 1 year for all individuals; upper limit, age of 73 or 78 years for males and females, respectively [25, 26] . The upper age limit was determined according to the current life expectancy in Mexico; these ages were later weighed according to the population distribution by sex.
National estimates of influenza cases
Given that SISVEFLU cases were recorded from monitoring facilities and the data are not defined as sentinel, data cannot be extrapolated directly to population-wide estimates (Additional file 1: Supplement 1; Text S1.2, Fig. S1 ). Therefore, the total number of influenza cases in Mexico were estimated by indirectly standardising reported values of influenza incidence in the United States for each season and age group [27] into the Mexican population structure according to official population projections (Additional file 1: Supplement 1; Tables S1.2, S1.3, S1.4, S1.5) [20].
National estimated cases were then allocated into the different scenarios, considering 1) the probability of not demanding medical care (scenario 0), as reported by Molinari et al. for different age groups [28] , 2) where cases were diagnosed according to the SISVEFLU database (outpatient clinic or hospital), and 3) likelihood of occurrence of health outcome (ambulatory discharge, hospitalisation and subsequent discharge, or death). Further details of the method used to estimate national cases are available in Additional file 1: Supplement 2, Text S2, Tables S2.1-S2.9; and Fig. 1 .
Unit costs for the estimation of economic burden of influenza
Public costs were used for the estimation of direct medical care costs by each of the institutions that comprise the Mexican Health System and weighed by the proportion of the population affiliated in each institution for the influenza seasons from 2009 to 2010 to 2018-2019 (Additional file 1: Supplement 3; Tables S3.1, S3 .2, S3.3, S3.4, S3.5). The productivity loss associated with a working day lost was valued at the average daily wage of an individual (obtained from the 2018 National Survey of Household Income and Expenditure); costs associated with premature deaths were projected using the WHO's recommended 5% discount rate.
Costs were originally obtained in Mexican pesos (MXN) and later converted to 2018 constant prices using the National Consumer Price Index published by Mexico's National Bureau of Statics and Geography (Additional file 1: Supplement 3; Table S3 .6). Data are presented in US dollars (USD) considering the average exchange rate published in the Official Federal Gazette (USD 1 = MXN 19.2155).
Costs of vaccination
The price per dose of influenza vaccine was obtained from Mexico's Ministry of Health for 2018 (MXN 56.0, USD 2.91); the cost of administration was obtained from Gutierrez and Bertozzi's study and converted to 2018 prices [29] . The cost of transportation and storage was considered as a percentage of the price per dose, considering that the implementation of influenza vaccination in school-aged population would take place at primary schools.
Vaccine coverage and effectiveness
Effectiveness of the influenza vaccine was set at 50%, which is the average effectiveness of the influenza vaccine in the Northern Hemisphere of the Americas as published elsewhere (Additional file 1: Supplement 4; Table S4 ) from influenza seasons from 2009 to 2010 to 2017-2018. Coverage was conservatively defined at 50%, assuming slow adoption rates for school-based influenza immunisations in the first years of implementation.
To account for herd effect, we followed the methodology of Van Vlaenderen et al., who fitted a linear function to point estimates from previous published studies that incorporated herd effect due to vaccinating children against seasonal influenza for both school-aged population and the rest of the population [30] . Eqs. 1 and 2, shown below, were used to estimate the herd effect for the two populations: Equation 1
RR unvaccinated children ¼ 1−αÃeffective coverage in children;
where α represents the conservative (α = 1) parameter to capture the herd effect, and effective coverage in children ¼ vaccination coverageÃvaccine efficacy:
Equation 2
RR other age groups ¼ 1−βÃeffective coverage in childrenÃP children ;
where β represents the conservative (β = 1) parameter to capture the herd effect, P children refers to the proportion of children vaccinated, and effective coverage in children ¼ vaccination coverageÃvaccine efficacy:
The parameter used to account for herd effect was the proportion of the school-aged population that need to be vaccinated to achieve a relative risk (RR) of 0 (zero risk of infection). Two parameters, an optimistic one and a conservative one, were defined for the school-aged population (optimistic, =1.2031 [83.1%]; conservative, =1 [100%]) and the rest of the population (optimistic, =4.6656 [21.4%]; conservative, =1 [100%]); the conservative parameter was used in this study.
Disaggregated data by age group enabled estimation of the herd effect, particularly in those not vaccinated under the current schedule (Additional file 1: Supplement 2; Table S2 .4).
Influenza outcomes
The primary health outcome for this study was influenza cases avoided, which in turn led to secondary health outcomes such as reductions in outpatient consultations, lost working days, hospitalisations, and deaths.
Sensitivity analysis
We performed a sensitivity analysis to assess whether the cost-effectiveness of immunising the school-aged population was sustained when using either a conservative or optimistic scenario, considering changes to the base case scenario in both vaccination coverage and vaccination effectiveness. In the conservative scenario, we assumed a vaccination coverage of 30% and a vaccination effectiveness of 19%, which is the lowest effectiveness reported in any influenza vaccine that was used from season 2009-2010 through season 2017-2018 in the Northern Hemisphere of the Americas. For the optimistic scenario we assumed a vaccination coverage of 70% and a vaccination effectiveness of 68%, which was the highest effectiveness reported in the same period and region (Additional file 1: Supplement 4; Table  S .4). Table 2 ). Influenza A virus was isolated in 73.3% of the cases. This viral serotype accounted for 89.3% of deaths. The season with the highest record of confirmed cases was 2015-2016, with 621 influenza A cases and 310 influenza B cases reported. Regarding clinical presentation, as expected, most of the confirmed cases were classified as ILI (65.8%), whereas most deaths occurred in the SARI classification (73.3%). Results for cases, clinical presentation, viral types, and deaths were also consistent between seasons.
As for lethality (Table 3) , the overall value was 1.46% (75/5121). Nonetheless, there are important variations depending on the infecting virus. The highest lethality was recorded for A H1N1 (2.82%), followed by B Yamagata (0.71%), B undetermined lineage (0.71%), and A H3N2 (0.68%). No deaths were recorded for B Victoria or influenza A not subtyped. The data used in this table were obtained from Mexico's influenza surveillance system, SISVEFLU
The highest lethality was recorded in children aged 5 and 11 years with influenza A H1N1 (3.33 and 3.36%, respectively) ( Table 4) .
When analysing data from the complete study period, influenza cases peaked between epidemiological weeks 4 and 9. However, in school-aged population in Mexico, influenza B transmission seemed to have a longer duration (started earlier and ended later) in comparison to the duration of influenza A in the same season (Fig. 2 ).
Incidence Table 5 shows the cumulative incidence of influenza in school-aged children by age and season.
These data show that the cumulative incidence of influenza had a tendency to decrease with age. The highest incidence was reported amongst children aged 5 and 6 years. Table 6 and Fig. 3 show total hospital discharges for the 2010-2016 period, in which influenza was the main diagnosis.
Hospital discharges
There were 814 discharges from hospital of schoolaged children during the study period, accounting for 3596 bed-days, with an average of 4.4 bed-days per child. The most frequent diagnosis was influenza with other respiratory manifestations, virus not identified (J111), followed by influenza with pneumonia, virus not identified (J110). Table 7 shows mortality by season for all age groups. Overall mortality was low (0.3/100,000 individuals), however, it was remarkably higher in the youngest and The data used in this table were obtained from Mexico's influenza surveillance system, SISVEFLU older age groups. For school-aged population, mortality due to influenza was also low.
Mortality

Cost-effectiveness
The estimated expansion of the influenza immunisation programme to the school-aged population over the 2018-2019 season, with an assumed 50% coverage and 50% effectiveness, resulted in 671,461 cases avoided. This was associated with 262,800 fewer outpatient consultations; 154,100 fewer ER consultations; 97,600 fewer hospitalisations, and 15 fewer deaths ( Table 8 ). The decrease in demand for the aforementioned services would also reduce the pressure on the public health system. When looking at the estimated number of cases avoided by age-group (Table 9 ), 55.42% of the cases avoided were from school-aged population. In terms of demand for influenza-related health services, the vaccination had the largest effect in school-aged population. In addition, it is worth noting the effect of vaccinating school-aged children on the reduction in the demand of influenza-related health services by population over 60 years old, who consequently required fewer hospitalisation services.
The number of estimated cases avoided represented a decrease in the economic burden for the Mexican health care system of approximately 112 million USD, as shown in Table 10 . Of these costs avoided, 93.5 million USD (83.5%) was from hospitalisations, 14.6 million USD (13.0%) was from medical consultations, and 14.4 million USD (12.9%) was from productivity loss. Direct costs accounted for 86.27% and indirect costs accounted for 13.73% of the total costs avoided. The costs avoided from hospitalisations and the sum of the costs avoided from medical consultations and productivity loss were 3.41 and 1.06 times the cost of the immunisation programme in the school-aged population, respectively; thus demonstrating that the immunisation programme was a cost-saving strategy.
Costs avoided (Table 11) were highest for the schoolaged population (35.16 million USD), followed by the 12-49 year old population. The costs of hospitalisations in people over 60 years old (13.8 million USD) represented 76.69% of total costs avoided for this age group. This study was conservative and did not include additional costs due to complications from comorbidities; it is likely that the costs avoided in this age group are greater. Table 12 shows the results of estimated influenza-related events avoided in the three scenarios (base case, conservative, and optimistic). Reducing influenza vaccine coverage and effectiveness to 30 and 19% (conservative), respectively, resulted in 153,000 avoided cases of influenza which were associated with 95,000 consultations (outpatient and emergency room), 22,200 hospitalisations, and three deaths. The optimistic scenario used estimations of 70 and 68% by increasing vaccination coverage and effectiveness from the base case estimations by a respective 20 and 18%. This resulted in an estimated 1,270,000 avoided cases of influenza, which was an increase of 1.9 times the number of cases avoided in the base case scenario.
Sensitivity analysis
Using the aforementioned values for the number of influenza-related events avoided, we assessed the economic benefits of the three scenarios. The results are shown in Table 13 . In the conservative scenario, influenza immunisation of the school-aged population resulted in a savings of 15.3 million USD, of which 11.8 million USD was considered direct savings; the remaining 3.5 million USD was considered indirect savings. This analysis demonstrates that even when using a conservative scenario, immunising the school-aged population is a cost-saving intervention and should be [19] . Abbreviation: ICD-10: International Classification of Diseases, 10th revision considered a beneficial strategy considering the current policy of not vaccinating this population. Figure 4 shows costs avoided by age group in each of the three scenarios. In both the base case and the optimistic scenario, the greatest savings are seen in the school-aged population, where the intervention would take place. This is true even when the costs of the intervention itself are taken into account (27.4 
million USD [base case]; 38.4 million USD [optimistic]
). In the conservative scenario, the costs of the intervention surpassed savings from cases avoided (2.2 million USD) in the school-aged population; however, these costs are more than offset by savings from cases avoided (17.5 million USD) in other age groups due to the herd effect.
Discussion
Children and adolescents (5 to 19 years) play an important role in the spread of influenza in the community and are considered the main disseminators of influenza or "superspreaders" [31] . This is because they have less acquired immunity [32] , a longer period of virus-shedding once infected [33] , and a higher number of contacts with other people once they acquire the disease [34] .
The population between the ages of 5 and 11 years (school-aged) is highly relevant in regard to public health for a number of reasons, including their status as a potentially captive segment, specifically in the educational setting; intervention can be achieved in a swift and efficient manner. In the case of Mexico's Immunisation Programme, this feature has allowed for achievement of adequate coverage for a number of vaccines. Nonetheless, this population is not considered a target group for influenza vaccination in the vast majority of countries, including Mexico.
Mexico's school-aged population currently accounts for 12% of the total population. Demographic projections show that this group is due to diminish to approximately 10.5% in the next 30 years, representing around 14.6 million people (Additional file 1: Supplement 4; Fig. S2 ). Given the "superspreader" status of this age group, specific and effective public health strategies are required.
Our estimations showed that every year in Mexico there were an average of 10.8 million influenza cases, with an overall incidence rate of around 8.9% that is consistent with published literature [35] . The schoolaged population identified in the surveillance system accounted for 10.06% of the cases (Additional file 1: Supplement 5; Table S5 .1). Our estimation suggests that each year there are between 0.5 to 2.1 million influenza cases in this population (Additional file 1: Supplement 5; Table S5 .2). Compared to other age groups, school-aged population has the second lowest incidence, lethality for influenza, and mortality (Additional file 1: Supplement 5; Tables S5.3, S5 .4, S5.5, S5.6).
We speculate that there are two possible explanations for the relatively low burden of disease and the agedependent tendencies observed. First, low lethality and mortality in this population may indicate a relatively benign clinical presentation, which may in turn trigger the resolution of the majority of cases in primary health care clinics, leaving the relatively small fraction of severe cases to be recorded in the SISVEFLU system via monitoring units (mostly hospitals). A non-excluding explanation may be a cohort effect favoured by either the exposure of this age group to the pandemic A H1N1 virus during the 2009-2010 season, the post-pandemic vaccination coverage, or multiple yearly influenza vaccinations in the last decade, which, as some studies suggest, may have provided effective protection [36] [37] [38] [39] . Pandemic-induced immunity was previously shown to have a protective effect in children [36] and prior vaccination has been reported to modify vaccine effectiveness by providing some residual protection [39] . The serologic data required to test such hypotheses for the current study are not available. Previous studies have recognised the role of the child population as key spreaders of influenza and that schools, day-care centres, and other places where children congregate play an important role in spreading influenza [34, 40, 41] . Although high mortality is not usually reported for this group [42] , studies have recommended the inclusion of this population as a target group for influenza vaccination based on epidemiological parameters such as the Number Needed to Vaccinate or number of medical consultations [43] .
Vaccination in the school-aged population has been shown to have both direct and indirect positive effects. Using a school-based vaccination approach has resulted in decreased influenza rates and improved school attendance [44] . In addition, it has been shown to reduce hospitalisations [45] and paediatric deaths [37] . As for indirect effects, medically attended acute respiratory illness (MAARI)-related ER visits during the Intense Influenza Outbreak Period (IIOP) decreased as vaccination rates increased for all populations [46] .
Despite the potential benefits, it is important to consider the long-term effects of introducing influenza vaccination in a select population, as migration of the burden of disease to other age groups may occur. This situation may pose difficulties for public health, especially if members of the affected population present an increased frequency of risk factors All costs are in USD that may modify morbidity and mortality [47] . This may explain the MAARI-related increase in hospitalisations during the IIOP (4% in adults aged > 50 years for every 20% increase in vaccination rates) [46] . In order to avoid negative effects and encourage positive effects in regard to averting influenza cases and influenza-related deaths [7] , universal influenza vaccine coverage is considered best practice. However, universal vaccine coverage remains a challenging goal for most countries. A suitable alternative may be to plan a stepwise introduction of influenza vaccination in the young, such as primary school-aged population, thus gradually generating immunised cohorts while advancing the introduction of influenza vaccination to older groups until adequate coverage to effectively hinder influenza transmission is reached.
To our knowledge, this is one of the first studies to estimate the national impact of influenza immunisation of the school-aged population in a middle-income country. While Peasah et al. reviewed the cost and costeffectiveness of influenza vaccination, very few of the studies reported national estimates, and of those, all but one (Thailand) were from high-income countries [16] . Jamotte et al. estimated the public health impact and economic benefit of introducing a quadrivalent vaccine as opposed to a trivalent vaccine, which was standard practice at the time of the study in Brazil, Colombia, and Panama [48] . However, their analysis did not include the school-aged population as it was not policy to vaccinate that age group at the time the study was conducted. The data reported in the present study demonstrated that the expansion of the current national immunisation programme to the school-aged population would greatly benefit the Mexican public health system, and is of value to health care policy makers in middle-income countries. Our analysis revealed that even when using a conservative scenario (30% vaccine coverage, 19% vaccine effectiveness), this intervention was still cost-effective. We believe there are two main reasons for this. Firstly, the cost of the influenza vaccine is significantly less expensive than the cost of treatment; the cost to vaccinate a child is approximately 3 USD, while the cost of treatment (including indirect costs) could be as high as 50, 000 USD. Secondly, vaccinating children provides a significant herd effect. As previously mentioned, children are considered superspreaders; thus, vaccination of the school-aged population provides clinical benefits to other age groups by reducing influenza transmission. As noted in the sensitivity analysis ( Fig. 4) , although the cost of intervention was greater than the economic benefit in the conservative scenario, when the effect on the number of cases from other age groups was considered, the cost was offset, providing an overall economic benefit.
We speculate that the main reason the school-aged population is excluded from the current influenza vaccination guidelines in Mexico is because of a lack of reliable analyses to identify the necessity and potential benefits of expanding current target vaccination groups to include children. The World Health Organization's Strategic Advisory Group of Experts' (SAGE) 2012 paper on influenza immunization does not recommend the school-aged population as a target for vaccination. However, a new SAGE group was established in December 2017 to review scientific evidence to assess whether a recommendation for vaccinating the school-aged population should be supported [49] . We believe that the present manuscript provides such information, and that the data presented herein can facilitate the discussion towards updating the recommendations, particularly for middle-income countries.
Our study had several limitations. The databases used in this study did not completely overlap in duration which may have affected our results. Additionally, data regarding the number of school-aged children included in our study who received the influenza vaccination before the age of 5 years were not available. It has been reported that vaccination of children < 5 years of age provides benefit [50] , so our inability to factor this variable into our analysis may have affected our results. Most of the monitoring health units included in the SISVEFLU database are public, and some bias may have been introduced by not including most private health care facilities. However, the economic analysis was made using national estimates and costs estimated from the three largest public health providers, which cover > 90% of the population in Mexico. Outof-pocket expenses other than the cost of the overthe-counter drug, amantadine, were not considered when making assumptions regarding the economic impact of influenza. This was done in an effort to be conservative and not overestimate the economic benefits of the influenza vaccine; in doing so, we may have under-estimated such benefits. We also acknowledge the importance of careful consideration of the method used for performing an economic analysis. While the assumptions used in our study differ from others recently published [51, 52] , we believe that the assumptions behind our estimates are solid and our bias is somewhat controlled as we cite official public pricing. Finally, we realize that the use of estimated incidence rates reported by Centers for Disease Control and Prevention (United States of America) for indirect standardisation of incidence rates for Mexico may not be ideal; however, we thought this was necessary because the SISVEFLU database likely underestimates the number of cases from primary care clinics, lacks the necessary population representation and most type B influenza cases reported in the database do not have lineage analysis (Additional file 1: Supplement 1; Text S1.2). We decided to use data from the US (estimated illness rate only) given the data quality and availability, and because health authorities in both countries recognise that infectious disease dynamics in the region, particularly those in which person-toperson transmission is paramount, exhibit similar epidemiological behaviour [53] , possibly owing to the extent of human exchange between the two countries.
Retrospective analyses have shown that in the case of the 2009 pandemic influenza, identification in the region could be traced back to near simultaneous origins in both the US and Mexico [54] . More importantly, the general epidemiological behaviour of infectious diseases in the last decade, in terms of timing and viral type, has been very similar [55] . As it is epidemiologically accepted to use surrogate data for indirect rate standardisation when local data are unavailable, provided there are reasonable grounds for doing so, we believe that, because the US is a neighbouring country in the same hemisphere and there are documented similarities in the epidemiological behaviour of the disease in both countries, our decision for considering data from the CDC as the best available source for estimating the incidence of influenza in Mexico is supported.
Conclusions
Our study suggests that influenza in the school-aged population has a relatively low incidence, lethality, and mortality, likely due to a cohort effect resulting from at least a decade of vaccinating against influenza in Mexico. Although the true incidence is probably underestimated, surrogate data allowed us to estimate a reasonable burden of disease for the Mexican population in the last decade, ranging from 0.5 to 2.1 million cases each year for the school-aged population, which represents a substantial economic impact for the health care system. In addition, economic analysis showed that vaccination of the school-aged population is cost-saving. Because this age group represents influenza "superspreaders" and vaccination is shown to be a costeffective intervention, expanding the current vaccination schedule to include this age group is supported. The national estimates for Mexico as a middle-income country provided from this study will be of great value for health care decision makers in middle-income countries.
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